A potent toxin was produced by a strain of Clostridium perfringens PB6K in a chemically defined medium consisting of 19 amino acids, fructose, vitamins and minerals. A large amount of L-arginine (10 mg/ml or higher concentration) was required for toxin production. An excess of L-cystine (0.1 mg/ml or higher) reduced the yield of toxin seriously.
INTRODUCTION
It was believed that meat extract or digest of protein should be added to the medium for alpha toxin production by C. per fringens, although the nature of the active principle (s) was not well understood. Various substances of widely different chemical natures were reported to promote the toxin production (Rogers and Knight, 1946 , Adams, Hendee and Pappenheimer, 1947 , Murata, Yamada and Kameyama, 1958 , Jayko and Lichstein, 1959 . Such discrepancies may have been partly due to difference of strains used by those authors. However, the difference in the type of basal medium may have been also responsible for the inconsistency. Complex media with which biochemical studies are almost impossible were used in the former studies. During the trials to isolate the active principle (s) for toxin production from a protein digest, the present authors recognized that the effect of the active materials was greatly affected depending upon the composition of basal medium (Murata, Yamada, and Kameyama, 1958, Yamamoto, Tsukamoto and Murata, 1963) . With certain ingredients, a small amount of alpha toxin could be produced in a synthetic (peptide free) medium (Tsukamoto, Yamamoto and Murata, 1963 ). An attempt was made, therefore, to device a chemically defined medium suitable for alpha toxin production. As a result, it became possibie to make a synthetic medium capable of yielding alpha toxin of a high potency (Murata and Yamamoto, 1964) . The present paper describes the details of the experiments which led to the formulation of the new medium.
MATERIALS AND METHODS

Organism:
A substrain named C, per fringens PB6K-N5 was used throughout the experiments. The strain was isolated by single cell culture technique in 1956 from a strain of C. perfringens PB6K originated from the National Institutes of Health, Bethesda (Murata, Yamada, Kameyama and Wada, 1958) and has been kept in a freezedried state. The lyophilization was repeated at 6 months' intervals.
2. Seed culture and inoculum : The lyophilized organism was transferred to the seed medium consisting of papain digest of beef and 1 per cent fructose (Murata, Yamada and Kameyama, 1956 ). The culture was transferred daily to new medium. Successive transfer was discontinued after 2 weeks since the toxinogenicity of the strain showed a tendency to fall after this period on several occasions. The inoculum was prepared from a 15-16 hours' culture in the seed medium. The cells were washed twice and diluted with saline to an optical density of 0.9 at 660 mp. One-tenth ml of this inoculum was inoculated into each tube. About 108 viable cells were contained in the inoculation dose. This inoculum size gave a satisfactory yield of toxin in 6 hours of incubation.
3. Culture method : The composition of the culture medium used as the basal medium (SM 1) is listed in Table 1 . Most of the results described in this paper were obtained by using SM 2, a modified SM 1, as the basal medium. The modification will be detailed in the text. All the ingredients except glutamine, sugar, iron and the reducing agent were made up in stock solutions singly or in adequate combination.
Experiments were carried out in 10 by 110 mm tubes containing 4 ml medium. The medium without glutamine, reducing agent, iron and sugar was made up to a volume of 3.4 ml and autoclaved at 110 C for 5 minutes. Immediately after autoclaving, the tubes were cooled, added with 0.2 ml each of glutamine solution and iron-sugar mixture In a revised formula (SM2), 800 mg of arginine was used and 50 mg asparagine replaced aspartic acid and pH was adjusted to 7.2 (see the text). were not essential but their presence was slightly stimulative for both growth and toxin production. Addition of L-glutamine stimulated the growth. L-Proline as well as hydroxy-L-proline could be omitted without affecting the growth and toxin yield significantly.
Among amino acids, L-arginine and L-cystine displayed an extremely important influence on the amount of toxin produced. As shown in Fig . 1 , a large amount of L-arginine up to 10-16 mg per ml improved toxin production as well as growth remarkably. In Fig.2 , the effect of L-cystine on growth and toxin production is demonstrated . Although cystine was indispensable for growth , a slight excess inhibited toxin production significantly while growth was not affected at 0.5mg per ml or lower concentration . Methionine, however, was not harmful at a concentration of 0 .5 mg per ml. Some other amino acids were deleterious for both growth and toxin production when added in large excess (5 mg or more per ml) , but their optimum concentration was higher than in the case of cystine (Unpublished) . An excess of some amino acids (including arginine) resulted occasionally in early lysis of the cells, beginning 3-4 hours after incubation. Sometimes the lysis was so complete that the culture became almost transparent after 6 hours' incubation.
More often, lysis was incomplete and the value of optical density remained at a low level of 0.2-0.3 until the end of the incubation period. On such occasion, an irregular dosage response curve for growth was obtained as shown by curve II of Fig. 1 (a) . However, it is evident from Fig.1 (b) that the amount of toxin was almost consistent whether or not the lysis occurred (Exps. II and III).
Yield of toxin was improved considerably when L-asparagine replaced DL-aspartic acid, as shown in Fig.3 .
Vitamins and Bases
The effects of these ingredients were summarized in Table 2 . For maximum growth,, only Ca-pantothenate and adenine were required.
Elimination of adenine seemed to reduce the rate of growth and the maximum growth was observed after a prolonged incubation, whereas the toxin production was poor under such a condition. Elimination of biotin and pyridoxamine was not deleterious for growth, but the amount of toxin wass reduced significantly in their absence. When a smaller inoculum was used, biotin, Capantothenate, pyridoxamine and adenine were indispensable. Thiamine, nicotinic acid, riboflavine and uracil could be omitted, but they were added since previous experiments showed that their presence was stimulatory for growth when a smaller inoculum was used (Murata, Yamada, Kameyama and Wada, 1958) . The following substances were without effect: folic acid, para-aminobenzoic acid, thymine, xanthine, and choline. Sugars f ermentable by this organism were necessary for toxin production as well as for luxuriant growth.
As shown in Table 3 , fructose was preferable to glucose or sucrose. Maltose and lactose were less effective, and the results with soluble starch were variable depending on each product (Murata et al., 1956) . From the results of repeated experiments, the optimum concentration of fructose was determined to be 0.75-1.0 %. Glucosamine could replace fructose, but its addition to the complete medium (SM 2) did not improve the yield of toxin. Table 3 . Eflect of sugar on toxin production Inorganic Ion Requirements About 0.05 M phosphate was suitable for excellent toxin production, though a lower concentration such as 0.01 M was enough for luxuriant growth, as shown in Fig.4 . Since Shanker and Bard (1952) demonstrated that the ratio Na/K influenced the growth of this organism, experiments were designed to vary the ratio with a constant phosphate concentration (0.05 M), by using adequate mixtures of the following phosphates: 0.8 M Na2HPO4, 0.8 M K2HPO4, 0.2 M NaH2PO4 and 0.2 M KH2PO4. As shown in Table   Table 4 . Effect of sodium and potassium on toxin production When pH adjustment was necessary, 5 N-NaOH or 5 N-KOH was used respectively in 1) to 4) or in 5) to 8). Not more than 0.1 ml of the alkaline solution was used per 100 ml of the medium. Basal medium : SM2 deficient in ZnSO47H2O and MnCl24H2O. Table 7 . Repeated experiments showed that no alpha toxin was detected by the mouse method in Boyd et al's. medium (1948) . The addition of glutamine and the following peptides to the latter medium was ineffective for toxin production: DL-alanyl-DL-alanine, glycyl-L-asparagine, or L-leucyl-glycyl-glycine (Tsukamoto et al., 1963) .
DISCUSSION
The data show that it is possible to obtain a potent alpha toxin of C. perfringens in a peptide free, chemically defined medium. Although Roberts (1957) stated that alpha hemolysine was obtained with a synthetic medium, it is difficult to assess the toxicity in terms of alpha toxin since he used his own assay system and did not refer to the anti- Table 6 . Composition of the final medium Table 7 . Growth and toxin production in synthetic media a) Table 1 , b) Table 6 . c) The value reached about 0.3 after 10 hours' incubation. toxin combining power and LD50 which are usually used for alpha toxin assay. Fourteen amino acids are required for growth and toxin production. The number of essential amino acids coincides with the results by Boyd et al. (1948) . However, significant differences are observed in two points. Glycine was not essential and lysine was indispensable in Boyd's medium, while the role of these two ingredients is reversed in the present experiment. No explanation could be given to this discrepancy.
The effect of arginine and cystine on toxin production needs special mention. Arginine promotes growth as well as toxin production. The effect seems to be more beneficial for toxin production than for growth, if the value of toxin/OD is considered (Fig.  1) . With smaller amounts of arginine (0.25-0.4 mg per ml) used in other synthetic media (Boyd et al., 1948, Fuchs and Bonde, 1957) growth is rather poor and toxin of not more than 10-20 LD50 per ml of culture is obtained (Fig. 1) . If other nutritional requirements were not controlled properly, the amount of toxin would be negligible at a lower arginine content. Although evidences are scanty to elucidate the role of arginine in protein synthesis of this organism, it might be possible that this amino acid served as an energy source because of a large amount required for toxin production. If arginine is used as an energy source, it may be beneficial for toxin production since the higher 
